Data derived from pulse oximetry has inherent limitations, one of which is artifactual desaturation caused by patient movement. Perioperative patterns of oxygen desaturation were studied for a mean duration of 67 hours in eight young patients following corrective spinal surgery. Pulse oximetry data were relayed to a computer using Satmaster, a program which permits storage, retrieval, signal evaluation and statistical analysis of oximetry data. Desaturation episodes were mild, of short duration and their infrequent occurrence was not increased during intravenous morphine infusion. Retrospective identification of contemporaneous artifactual changes in signal amplitude permitted the removal of artifactual desaturations from our statistical data analysis. This decreased the average time desaturatedfrom 5.4% (220 minutes) to 4.2% (162 minutes) of the monitored period representing a 25% reduction in absolute incidence and a 35% reduction in episodic incidence of desaturation. Acquired data should be validated and inferences drawn from non-validated data must be assessed with caution.
normal lungs undergoing elective spinal surgery to assess the effect of retrospective oximetric data evaluation using Satmaster on their incidence of perioperative hypoxaemia. METHODS We studied eight young Chinese patients aged six to 24 years undergoing either anterior (n = 2) or posterior spinal fusion (n = 6) for the treatment of idiopathic scoliosis or neurofibromatosis. The study was approved by the Faculty of Medicine Ethics Committee (University of Hong Kong) and written informed consent was obtained from the parents.
On the day of surgery the patients were premedicated with either temazepam 10-20 mg or midazolam 0.25-0.5 mg.kg-I Anaesthesia was induced with midazolam 0.5 mg.kg-I (n = 5), propofol 2.5 mg.kg-I (n = 2) or a gaseous induction with halothane. Muscle relaxation was achieved with atracurium 0.5 mg.kg-I and anaesthesia was maintained with nitrous oxide 66% in oxygen with isoflurane 0.5 to 1.0%. All patients were extubated awake at the end of the procedure and transferred to the high dependency unit (HDU). Morphine was given as an intravenous infusion (2.5-10 mcg.kg-I.hr-I ) and the dose adjusted by the nursing staff to keep the patient pain-free with a respiratory rate greater than 10 min -I. Oxygen 26% was given by a venturi Scale: ~ min 16.23 ! Hudson mask and removed the morning after surgery if the Sp02 was greater than 95% on breathing room air.
In the HDU, a Nellcor N200 pulse oximeter was attached via a D-20/250 oxisensor flexible probe to the warmer great toe. The serial communication port of the oximeter was connected to the serial port of a Toshiba T3200SX 386 laptop computer. Oxygen saturation, pulse rate and signal amplitude data were recorded 60 times per minute for 72 hours. The data were stored using Satmaster, a commercial software package, which allows the retrospective evaluation of desaturation episodes, signal amplitude and pulse rate together with various displays of their incidence and duration.
DATA ANALYSIS
Data associated with a zero amplitude signal was automatically invalidated by Satmaster software. Further evaluation was necessary to identify and remove the spurious decreases in Sp02 produced by motion artifact. 4 occurred consistently during probe movement and that these heralded false reductions in Sp02 ( Figure  I ). This pattern was reproduced experimentally using healthy volunteers monitored during deliberate probe movement and confirmed to be different from the display produced by true desaturations (Figure 2 ). A template was then constructed which was used to retrospectively identify and invalidate the periods of artifactual desaturation due to movement present in the patient data ( Figure 3 ).
Each patient oximetry profile was examined visually by one of the authors. The recording could be viewed as a whole or magnified so that a recorded segment of two minutes was displayed on the computer screen. Each period of de saturation was evaluated against its concomitant signal amplitude recording. Episodes of desaturation which conformed to the template criteria were discarded and the post-evaluation data were compared with the un-evaluated data compilation.
RESULTS
Postoperative saturation data were recorded for episodes (maximum duration 12 seconds) of desaturation below 80% were recorded in two patients ( Figure 4 ). Although all patients recorded an Sp02 less than 96% at some time during the study period, the duration of these episodes demonstrated a wide inter-patient range from less than one minute to over 14 hours. A continuous Sp02 in the range of 91-95% for more than ten minutes occurred on 18 occasions. Only two patients desaturated below 90% for longer than 15 seconds. The patients in whom brief but severe desaturation occurred were also those who demonstrated longer periods of mild desaturation.
DISCUSSION
Pulse oximetry is a useful non-invasive tool which can be used to investigate postoperative hypoxia, but it has limitations. 7 Our study suggests that retrospective evaluation ofperioperative pulse oximetric data is necessary before inferences can be drawn from the results. Episodes of poor signal quality occurred during the period of prolonged monitoring due to patient movement despite good monitoring conditions. These episodes caused apparent falls in Sp02 ( Figure I) , which if included in the data analysis, would have indicated an unrealistically high frequency and severity of desaturation (Table I) .
Previous studies have not discussed how they Scale: 2 min c identified artifactual desaturation episodes. 8 The susceptibility of a pulse oximeter to motion error can be reduced by increasing the duration of time over which the pulsing signals are averaged to produce the final reading. This however increases the time delay and may lead to rapidly changing saturations being missed. 9 • 10 Synchronising the oximeter signal with an electrocardiograph QRS complex may help reject motion artifact but this is only possible with a few pulse oximeters and has the disadvantage of being an added encumbrance by the bedside during prolonged monitoring. Reliance has been placed upon the ability of the pulse oximeter alone to reject spuriously low readings and manufacturers have programmed a variety of stratagems into their respective algorithms to do this. 5 It appears from our findings that this is inadequate.
Recent advances in software and computers have provided the capacity to manage large quantities of data while remaining sufficiently compact to allow bedside placement. The Satmaster software allows the investigator to identify the desaturation episode on a graphic display which encompasses the entire study period. Once identified, it is possible to 'zoom in' and examine the signal amplitude and heart rate during the time of the recorded desaturation (Figures 1, 2) . Reductions in SpOz preceded by marked contemporaneous changes in signal amplitude which conformed to the template criteria were assumed to be artifactual desaturations. Unfortunately limited funding
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LESS THAN 91%. .MODERATE86-9O% DSIGNIFICANT81-85% 88aSEVERE <8(l"; Anaesthesia and Intensive Care. Vol. 20. No. 3. August. 1992 precluded the use of two pulse oximeters which would have given more sensitivity to the study and permitted a more objective assessment of data rejection, especially as hypoxaemia produces arousal and this in turn may lead to patient movement and artifact.
Further upgrading of the software will make the evaluation process easier and less time-consuming. Automatic identification of quasi-desaturations could be incorporated into the software by placing limits on allowable amplitude changes within given time periods. This is similar to the 'weighting' used by some manufacturers of pulse oximeters which adjusts the contribution of Sp02 values relative to how close they were to the previous average. 8, 9 Future versions of this software could 'weight' both the signal amplitude and pulse rate and have userdefinable limits. The development of larger and cheaper non-volatile random access memory chips could make it possible to incorporate this degree of sophistication into the pulse oximeter itself, thereby precluding the use of the laptop computer at the bedside. Present pulse oximeters do not have enough internal memory to store Sp02 and amplitude data for long periods.
The quality of the raw signal is an important determinant in evaluating pulse oximeter data. Although this software provides signal strength . information the interpretation of pulse oximetric data is still investigator..qependent. Subsequent software manipulation may increase the likelihood that the conclusions drawn from studies with a high incidence of poor signal quality are correct. 11 The group of patients which we studied had normal lungs and despite major surgery and a morphine infusion suffered only minor desaturations in the first 72 hours postoperatively. Patients who sustained the longest periods of mild desaturation were more likely to severely desaturate. This may indicate the emergence of a pattern that could become more obvious with further study. The ability to identify preoperatively the patients at risk of severe desaturation has important implications for both patient safety and the appropriate allocation of resources.
